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ABSTRACT
In recent years the cooperative automated vehicle (CAV) concept
has been gaining attention due to its potential to increase traffic
safety and traffic flow by utilizing the vehicle-to-everything commu-
nication capability. One of the key requirements for CAV is ensuring
every vehicle receives relevant messages at the right time and place;
therefore, measuring and visualizing network performance is vi-
tal. However, for CAV application, more network analyzers than
those extant are needed because these do not consider geographical
characteristics. In this study, we proposed a geographically-aware
CAV-specific network analysis and visualization tool that can report
the network performance factors such as packet loss, bandwidth,
and jitter in real time. Further, we developed a proposal tool and
evaluated it in an outdoor proof-of-concept study at the University
of Tokyo’s Hongo Campus.
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1 INTRODUCTION
In addition, to stand-alone perception sensors such as LiDARs
and cameras in vehicles, through cooperative automated vehicle
(CAV), other vehicles and infrastructure (roadside units (RSU)) can
share their perceptions using cooperative awareness messaging
(CAM) [1] and use cooperative perception messages (CPM) [2, 3] to
see perceive objects beyond sight to improve safety. However, be-
cause it is challenging to guarantee communication reliability due
to signals being blocked by obstacles, the distances to transmitters,
and the instability of the wireless equipment itself, ensuring that
each vehicle receives the message at the right time and in the right
place is difficult. Therefore, constant network performance (NP)
analysis is essential for the vehicles to decide which perception
mode to adopt. Moreover, their positions should be considered as
the NP is highly related to the geographic positioning of the vehicle
and RSU. However, existing network analyzer such as iperf and ping
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Figure 1: Overview of the proposed NP Analyzer and Visual-
izer

does not have this feature. In contrast, AnaVANET [4] is a Vehicle-
to-Everything (V2X) communication analysis tool that considers
geographic characteristics. This tool can analyze GeoNetworking,
a protocol for V2X communication, and is used for post-processing
test data and visualizing NP when field tests are performed. How-
ever, the problem with this tool is that it processes test data after
all data have been collected, thus losing real-time performance. On
the other hand, visualizing the network analysis results can help
researchers better investigate the sources of system misoperations.
In this work, we introduce a real-time NP analysis and visualization
tool that can report and visualize the packet loss of the communica-
tion links, bandwidth, and jitter for CAV applications as shown in
Figure. 1. The calculated performance factors can be integrated into
the map so that vehicles can decide whether to rely on collective
perception.

2 NETWORK ANALYZER AND VISUALIZER
2.1 Requirements
For AnaVANET, create a visualization tool for cooperative auto-
mated driving that meets the following specifications:
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